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Abstract 


Smoking of cigarettes worsens morbidity and mortality rates by prompting 
cancer, pulmonary, cardiovascular, and oral diseases. Despite having all these 
severe risks of smoking, the habit is unacceptably widespread, particularly among 
teenagers in many countries, including Bangladesh. In this investigation, the 
acute effect of cigarette smoking on oxidative stress and inflammation (Tumor 
N ecrosis Factor-a (TN F-a)) has been analyzed in the cigarette smoke (CS)-exposed 
Volume 3, Issue 1, January 2021 rats. Exposure of smoke in vivo significantly increased the levels of Lipid Peroxide 
(LPO) and TN Fain the experimental rats, when compared to those of the control 
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rats. Furthermore, washed erythrocytes isolated from control rats were exposed 
Accepted : 03 October 2020 directly to CS in vitro. The time-dependent exposure of smoke to erythrocytes 
Published: O1 January 2021 increased the oxidative stress in the erythrocytes, as indicated by increased levels 
doi: 10.33472/A FJBS.3.1.2021.120-128| of LPO in the erythrocytes. The toxic effect of acute cigarette smoke was also 
visible in the morphological studies of erythrocytes. Cigarette smoke-exposed 
erythrocytes revealed numerous leakage, breaks and membrane blobs in the 
plasma membrane of erythrocytes. Our results thus suggest that cigarette smoke 
not only affects the lung tissues but may also deteriorate the morphology of 
erythrocytes by instigating the oxidative stress in the erythrocytes. 
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1. Introduction 


Chronic cigarette smokeexposureis wall-known for its detrimental effects on lung and erythrocyte. Information 
on the acute effect of cigarette smoke is very little comparing to that effect of chronic cigarettesmoke exposure. 
Anacutesmoking moda isareasonably easier and more sensitive method of scrutinizing the specific effects 
of cigarettesmoke on oxidativestress and inflammatory response. 


Cigarette smokeis asourceof Reactive Oxygen Species (ROS) such as superoxideanions, hydroxyl radicals, 
hydrogen peroxide, metallic ions and quinones. These oxidizing agents can upsurgethe levels of oxidative 
stress in the smokers (Pryor and Stone, 1993; and M arnett e al., 2003) with increased Lipid Peroxides (LPO) 
contents and degradation products of extracellular matrix proteins (Van der Vaar et al., 2004). ROS presentin 
cigarette smoke are responsiblefor cellular injury and inflammation (Khan et al., 2014). 


Thelung istheprimary organ exposed to cigarettesmoke, and numerous experimental and clinical evidences 
have shown that nicotine induces an inflammatory response in the lung (Carpagnano & al., 2003). Tumor 
Necrosis Factor-a (TNF-a), aprominent pro-inflammatory cytokine, appears to be an important pathogenic 
factor inthe development of disease, and is known to mediate a widerangeof biological activities (\/ assalli, 
1992; and Kollias€& al., 1999). A prominent risk factors for the devedopment of these TN F-a -mediated diseases 
iS Cigarette smoking (Chang é& al., 2014; and Karczewski & al., 2014). Nicotine is quickly absorbed into the 
circulatory system during smoking and concentration of blood nicotine increases rapidly. Thefast absorption 
of nicotine from cigarette smoke via the lung, maybe due to the huge surface region of the alveoli and trivial 
airways, and suspension of nicotinein thefluid of pH 7.4in thelung, facilitates transfer through the membranes 
(Grozio et al., 2007). Smoking can cause deadly lung infections like pneumonia, enphysema and Iung cancer. 
In addition, adverse effects of parental smoking on therespiratory health of children have been a clinical and 
public health concern for decades. For children, exposure to secondhand smoke may lead to respiratory 
illnesses as a result of adverse effects on theimmunesystem and on lung growth and development (Officeon 
Smoking and H ealth, US, 2006). 


Thebreakage of erythrocyte membranecalled hemolysis, triggers the hemoglobin release and other internal 
constituents into thenei ghboring fluid or plasma (Ko €& a!., 1997). Nicotine exposure significantly increases the 
oxidative stress by generating called ROS (Ben Ahmed et al., 2010; and Yildiz & al., 1998). Oxidative damage 
and hemolysis caused by ROS havea major rolein the expansion of diseases such as thalassemia, gl ucose-6- 
ohosphate dehydrogenase deficiency, and sickle cell anemia. RBCs are extremely susceptible to oxidative 
damage as a result of the high polyunsaturated fatty acids (PUFA) content of their membranes and high 
cellular oxygen and hemoglobin (H b) concentrations. Oxidation depletes membrane protein content, deforms 
erythrocytes inappropriately, and interrupts microcirculation (Y ang ef al., 2006; Evans et al., 1986; Yu, 2001; 
and Flynn et al., 1983). Carbon monoxide (CO) and nicotinefrom the smoke increase the risk of blood clots. 
Other chemicals in cigarettesmokeinjurethelining of coronary arteries, leading to atherosclerosis and finally 
to heart attack. 


The present study aimed at characterizing the oxidative status, inflammatory response and thestructural 
features of thelung and erythrocytes after acute cigarette smoke exposure. 


2. Materials and methods 


2.1. Chemicals 


BovineSerum Albumin (BSA ), hydrogen peroxide(H.O,), FeSO,,and 1, 1, 3, 3- Tetraethoxypropane(TEP) were 
procured from Sigma Aldrich (St. Louis, USA). TNFa was purchased from Santa Cruz Biotechnology, CA, 
USA. Horse Radish Peroxidase (H RP)-conjugated anti-rabbit secondary antibody was purchased from Cell 
Signaling Technology (CST, USA). Theprimary antibody anti-rabbit TN Fa was purchased from Santa Cruz 
Biotechnology, USA. Tetramethylbenzidinewas purchased from Invitrogen, LifeTechnologies, USA. ELISA 
gradeBSA wasfrom SigmaA Idrich. All other chenicals wereof analytical grade. 


2.2: Animals 


Five-week-old male Wistar rats were purchased from!CDDR,B (Dhaka, Bangladesh), and werehoused in an 
air-conditioned animal room with a 12:12 h dark: light cycle under controlled temperature (23 #2 °C) and 
humidity (50 +10%). The rats were provided with a normal pellet diet with water ab libitum. All animal 
experiments were executed in accordance with the procedures outlined in the Guidelines for Animal 
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Experimentation of Jahangirnagar University compiled from the Guidelines for Animal Experimentation of 
the Bangladesh Association for Laboratory Animal Science. 


2.3. Experimental design 


Fiverats wereconfined at atimeinasmoking chamber for two periods of 30 min twicedaily for two consecutive 
weeks. Another five rats in thecontrol group wereconfined in asimilar chamber without smoke. Then after 
sacrifice, the effect of snokeon thelung, plasma and erythrocytes wereexamined. 


2.4, Erythrocyte preparation 


Erythrocytes were prepared as defined by Hashimoto ef al. (2015). After deep anesthesia with pentobarbital, 
rat’s blood was collected from the inferior vena caveusing heparinized syringe. Part of the blood was used for 
the purpose of plasma collection and theother part was mixed with Locke’s solution (154mM NaCl, 5.6 mM 
KCI, 2.3mM CaCl2, 1mM MgCl2, 3.6mM NaHCO3, 5mM glucose, and 5mM Hepes; pH 7.20) and pdleted at 
300 x g for LOmin in tubes. Supernatant was excluded and the erythrocytes were washed thrice by using the 
same Locke's solution. The buffy coat and upper portion of layer of the erythrocytes were removed in every 
wash. Theremaining erythrocytes wereimmediatel y subjected to hemolysis and/ or used for preparation of 
erythrocyte ghost membranes. Erythrocytes from the control rats were directly exposed to cigarette smoke for 
15, 30 and 45 min, and the effect of smoke on the degree of hemolysis, levels of LPO was determined. 
Morphological examinations of thesmoke-exposed erythrocytes were also conducted. 


2.5. Hemolysis assay 


Hemolysis assay was performed as described by Hossain e al. (2015) with slight modification. Erythrocyte 
suspensions at 2% hematocrit in Locke's solution (mentioned earlier) from every rat of control and,—smoke 
exposed group as well as fromin vitro direct smoke exposure were subjected to incubation for 1h at 37°C with 
freshly prepared Fenton’s reagents [H,O, (45mM )+FeSO, (2 mM )]. Then, erythrocytes weresettled down by 
centrifuging the samples at 300 x g for 10 min. Thesupernatant was aspirated and the degree of hemolysis was 
measured by determining the concentration of released hemoglobin (Hb) into the supernatant at 540 nm 
against H b standard. 


2.6. Erythrocyte morphology test 


Blood samples were obtained from in vitro direct exposureto smoke and from control blood group. Thered 
blood cells were examined under light microscope (Eclipse 200, 100X magnification) for variations for 
morphological features eg., erythrocyte’s size, color, shape, etc. 


2.7. Preparation of erythrocyte ghost membranes 


Washed erythrocytes were suspended in 40 volumes of ice-cold 5mM Tris-HCI buffer (oH 7.0), containing 
1mM EDTA, and centrifuged (10000 x g, 60 min, 42C). Supernatant was discarded and washing was repeated 
until theerythrocyte membranes appeared whitish. The membranes werestored at -80%. 


2.8. Preparation of lung homogenate 


After drawing blood, thelung from each rat was separated, perfused with icecold saline. Afterwards, a10% 
lung tissue homogenate was prepared with phosphate buffer (100 mM, pH 7.4) containing 1% 
phenyl! methylsulfony! fluoride (PM SF). The homogenate was centrifuged at 1000 x g to remove unbroken 
tissues and debris and the resultant homogenate was assigned as whole homogenate. A part of the whole 
homogenate was further spun for 1h at 10000 x g to prepare cytosolic fraction to measure TN F-a@inthelung 
tissues. Thesamples werestored at -20 °C until analysis. 


2.9. Lipid peroxide (LPO ) of erythrocyte ghost membranes and | ung tissues 


Thebasal levels of LPO inthe erythrocytemembranes and thelung tissues weredetermined by estimating the 
Thiobarbituric acid reactive substances (TBA Rs), as described in our previous publications (H ashimoto ef al., 
2001; H ossain et al., 2011; and Nahar et al., 2013). 


2.10. Tumor necrosis factor-alpha (TN F-q@) assay 


Themulti well ELISA platewas coated with plasma and/ or lung cytosolicfraction in 0.1M sodium bicarbonate 
(OH 9.6) at 42°C overnight and then blocked with 1% BSA in Tris-buffered saline (TBS). Then the plate was 
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incubated overnight at 42°C with the primary antibody rabbit anti- TN F-a (1:1000). H orseradish peroxidase 
(HRP)-coupled anti-rabbit antibody was used as the secondary antibody and incubated for 2 h at room 
temperature beforethe addition of tetramethyl benzidine(TM B) substrateto develop color. Thereaction was 
stopped by theaddition of 0.1N HCl after incubation for 30min at room temperature. ELISA wells coated with 
only 0.1 M carbonate buffer (pH 9.6) was used as blank. The plates were examined with a multi well plate 
reader (Erba Lisa Scan Il, Mannheim, Germany) at 450nm. 


3. Statistical analysis 


All the datawereexpressed as mean +SEM (standard error of mean). The significance of differencein means 
among different groups was determined by one-way analysis of variance (ANOVA), followed by Fisher’s 
PLSD test for post hoc comparisons using Graph Pad Prism software version 5.0. A value of p <0.05 was 
considered statistically significant. 


4. Results 


4.1. Effect of cigarette smoke on erythrocyte morphology 


Insmoke exposed erythrocytes many morphological features werefound which were different from those of 
thecontrol erythrocytes. Cigarettesmoke-exposed erythrocytes were deformed from thetypical discoid shape 
to abnormal shape displaying numerous leakage, breaks and membrane blobs in the plasma membranes of 
erythrocytes as indicated in Figure 1. 


Figure 1: Acute exposure to cigarette smoke deforms erythrocyte morphology. Under the microscope: 


(A) smoke-unexposed control erythrocytes; and (B) cigarette smok e-exposed erythrocytes (100X magnification) 
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4,2. Acute cigarette smoke exposure increases hemolysis and lipid peroxidation of erythrocytes in vitro 


In vitro exposureof erythrocytes to smoke increases thelevel of hemolysis and time-dependent oxidative stress as 
indicated by theincreased extent of LPO inthe erythrocytes than those in the un-exposed erythrocytes under 
experimentation (Figures 2A and 2B). In case of in vivo exposureto smokethereis no significant induction onthe 
level of erythrocytes hemolysis between thesmokeexposed and thecontrol rat group (datanot shown). 
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Figure 2: Acute exposure to cigarette smoke causes increased hemolysis and lipid peroxidation in vitro. (A) 
effect of in vitro cigarette smoking on hemolysis; and (B) time dependent lipid peroxidation of RBCs. Results 
are mean +SEM (n = 5). Bars with different letters are significantly different at p < 0.05 





4.3. Acute cigarette smoke exposure induces lipid peroxidation of erythrocytes and lung tissues in vivo 


In vivo exposureof therats to smokesignificantly increased thelevd's of LPO in theerythrocytes (Figure 3A ) 
and lung tissues (Figure 3B), when compared to those of the un-exposed control rats. 
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Figure 3: Increased lipid peroxidation was observed in erythrocytes and lung tissues upon cigarette smoke 
exposure. (A) in vivo cigarette smoking on lipid peroxidation of erythrocyte and(B) lung tissues. Results are 
mean + SEM (n = 5). Bars with different alphabets are significantly different at p < 0.05. 





4.4. Acute cigarette smoke exposure increases TN F- a level in plasma and lung tissues 


In vivo exposure of rats to cigarettesmokesignificantly increases the level of TN F-ain plasma (Figure4A ) and 
lung tissues (Figure 4B), when compared to thoseof theun-exposed control rats. 


All these results collectively highlighted the destructive effect of cigarette smokeon lung and erythrocytes 
which aretherisk factors for many fatal diseases including lung cancer and coronary heart diseases. 
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Figure 4: Increased level of inflammatory maker (TNF-a) was observed upon cigarette smoke exposure. 
Effect of cigarette smoking on the levels of tumor necrosis factor alpha (TNF-a) in the plasma (A) and lung 
tissues (B). Results are mean +SE (n = 5). Bars with different alphabets are significantly different at p < 0.05 





5. Discussion 


For better understanding of the chronic outcome of smoking, it is significant to study the acute response to 
cigarette smoke, since repetitivesmoke effects may congregate and eventually lead to irreversibledamage. 


We, therefore, investigated the acute effects of cigarettesmoking on lung and erythrocytes in Wistar rats. 


Cigarette smoking isthemajor avoidable cause of lung cancer in developed and developing countries like 
Bangladesh and, reportedly,—thesecond prominent reason of death in today’s world. Nicotineis one of the 
major toxic components of cigarette smoke (WH O, 2007; and Leeae al., 2016) with destructive and malignant 
consequences (Mi omi ef al., 2013; and Singh et a!., 2011). Study shows that cigarettesmoking strongly induces 
apoptosis in the alveolar epithelium (Kwon & al., 2012) and accelerates the progression of pulmonary fibrosis 
(Sekhon et al., 2004). The principal cause of the chronic obstructive pulmonary disease (COPD), isthereactive 
oxidants presentin cigarette smoke that induces inflammation in thelung and its airways leading to airway 
narrowing with difficult breathing (Brody and Spira, 2006; and Wang et al., 2018). Acute cigarette smoke 
experience in humans Is associated with increased blood pressure and heart rate, which have potentially 
injurious effects in patients with heart failure, coronary artery disease, and arrhythmias (Holly e& al., 2014). 
Experimental and clinical proofs havesupported the crucial role of nicotine exposurein the pathogenesis of 
organ disorders by enhancing the oxidative stress (J ung €& a!., 2001; Kovacic and Cooksy, 2005; and Suleyman 
et al., 2002). 


Theplasmamembraneof erythrocyte is adynamic organellesysten that controls cdlular structure as wall 
as functions. Structure and functions of erythrocytes are susceptible to alterations as a consequence of 
interactions with xenobiotics and damageto any of its constituents may changetheintegrity of cel’s structure 
and function (Nandita et al., 2008). The well-characterized product of the LPO of erythrocytes, is 
malondialdehyde(M DA), ahighly reactiveand bifunctional molecule, which is responsible for cross-linking 
erythrocyte phospholipids and protansto weaken a variety of themembrane-rdated functions, that ultimately 
lead to diminishing erythrocyte survival (Siddharthaet al., 2012). Smoking drops the erythrocyte count and 
hemoglobin level whileupsurgetheleukocytes (Zafar ef al., 2003). 


Cigarette smoking exerts an inflammatory stimulus on macrophages, which initiate the production of 
inflammatory cytokines, such asTN F-@, which might bean important early eventin thedeved opment of disease 
states associated with smoking (Fernandez et al., 2003). Theincidences of lung cancer aresignificantly higher 
in smokers and femalesmokers aremore pronecompared with the malesmokers (Zafar ef al ., 2003). 


In our study, the LPO level of lung in smoke-exposed rats was higher than that in the un-exposed rats. 
Erythrocytelipid peroxidation in smoke-exposed rats was also higher than that in the un-exposed rats. The 
toxic effect of in vitro cigarettesmoke was also visiblein the morphological studies of erythrocytes. Cigarette 
smoke-exposed erythrocytes displayed numerous leakage, breaks and membrane blobs in the plasma 
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membranes of erythrocytes. TN F-a~ in plasma and lung was higher in smoke-exposed rats than that of the un- 
exposed rats. So, wecan convincingly state that cigarettesmoking has detrimental effects on both thespecial 
respiratory machineries, i.e, erythrocyteand thelung. 


6. Conclusion 


Our results thus suggest that cigarette smoke not only affects the lung tissues, but also deteriorates the 
morphology of erythrocytes by increasing the oxidativestress. Oxidative and inflammatory injury dueto acute 
cigarette smoke speed up functional and conformational changes in lung and erythrocytes which, webdieve 
iS detrimental to thehealth of both active and passivesmokers. 
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